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1 Introduction
   The variations of phase and amplitude of the quasi-stationary Rossby wave 
largely contribute to the climatic change with the time scale of a few weeks-several 
decades. In particular, blocking phenomena which are characterized by the large 
amplitude have been giving much attentions as the causes of unusual weather. 
   Such a blocking was first  discussed  in detail by Rex (1950). Afterward Murakami 
and Tomatsu (1965) computed the atmospheric energy budget of blocking episodes and 
Kikuchi (1969) examined reappearances of blocking process by numerical simulation. 
In the recent years, many theoretical studies for blocking mechanism have been done. 
Charney and DeVore (1979) suggested that there exists a blocking-like solution as one 
attractor of multiple equilibrium by barotropic model. Yoden (1983) showed blocking 
occurrences in a chaotic time-dependent atmospheric behavior by baroclinic model 
and McWilliams (1980) or Warn and Brasnett (1983) reported that blockings are 
explained by nonlinear solitary wave Modon or Soliton. Moreover, as the 
amplification mechanism of Rossby wave, Tung and Lindzen (1979) proposed the 
resonant theory of forced Rossby wave, and Kao (1977) indicated the significance of 
nonlinear wave-wave interactions. Kanaya (1986) showed the Siberian blocking 
regime by stationary wave activity propagation. 
   However, answers to the questions when, where and how a blocking occurs and 
why it maintains and decays in the real atmosphere, are not obtained yet enough 
through those studies. Therefore, the purpose of this study is to clarify transitions 
between a blocking regime and other circulation regimes by using the theory of eddy 
activity propagation and its mean flow acceleration. The eddy activity propagation 
and its mean flow acceleration were generalized as Eliassen Palm relation by Andrews 
and McIntyre (1976). They discussed Eliassen Palm flux (E-P flux) which is efficient 
to explain the wave-mean interaction by the structure of planetary waves. Edmon et 
 al. (1980) also argued the meaning of E-P flux in the troposphere and Hoskins  et  al. 
(1983) extended three dimensionally it to the time-mean flow. Actually in the tropo-
sphere, since the external forcing and nonlinear advection are too large, E-P flux may
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not always indicate Rossby wave propagation. In spite of this fact, an interpretation 
of the general circulation by the eddy activity behavior has not to be in vain. Because 
whether the eddy activity is excited or not, it propagates or is trapped and which 
direction it propagates to, are able to be important factors of transition between 
different circulation regimes. 
   Accordingly in this study by computing E-P flux mainly, blockings which occurred 
in summer 1982 are investigated. Utilizing that vertical components of E-P flux are 
considered as the forced Rossby wave or the baroclinic wave associated with topogra-
phy, the influence of eddy activity behavior on the quasi-stationary wave phase is also 
examined. Moreover, since eddy activity behavior is determined sensitively to the 
meridional and vertical structure of zonal mean flow, we diagnostically surveyed its 
characteristics.
2 The basic theory and methods of analysis 
   In this study, wind fields were computed by a geostrophic approximation according 
to 
                       gau)        It= (1-a  ) 
                         fay' 
                       g d01)==(1-b ) 
                          fax' 
where u, v,  f, g and 0 are the eastward and northward components of geostrophic 
wind, Coriolis parameter, the acceleration of gravity and the isobaric height. Next, 
u and v can be written as 
 a=  a+  u', (2-a) 
 (2-b) 
where the bar denotes a zonally averaged value and the prime the deviation from the 
average. Then zonal kinetic energy KZ and eddy kinetic energy KE may be written 
as 
                                        172                     KZ---["" ],  2(3) 
 KE=[ it22v2                                              (4)
where  [ ] represents an average over an object area. 
   In order to investigate an intensity of disturbances relative to the mean flow, 
nondimensional quantity Q was defined as follows, 
 Q=  KEIKZ. (5) 
Now it is necessary to know where and when blockings are occurring. So according
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to Kanaya (1986), the longitude where a cut off occurs is also defined as follows. When 
 u is negative at longitudes AG and A0±5 and such an area extends wider than the 
latitude width of  5° at the  500  mb level in the range of  35°N  —55°N, we assume that a 
cut off occurs at this longitude  A and express it by  A. Lejenas and Okland (1983) 
defined an index similar to the present one. They used a difference of 500 mb level 
isobaric height between  40°N and  60°N as the index of cut off. When their definition 
is adopted, however, even a predominant blocking is not picked up often. Because the 
blocking had been shifted somewhat o northward or southward. Accordingly we 
defined the index A* so that cut off highs and lows with a large scale in space are 
always picked up. 
   In this study we do not treat short periodic fluctuations and they should be 
smoothed out. Therefore we frequently take a running mean of four days hereafter. 
It will be expressed by(hat). 
   According to thedefinition by Andrews and McIntyre (1976) and Edmon et al. 
(1980), the  E-P flux in the spherical geometry with a pressure as the vertical coordinate 
and in the quasi-geostrophic approximation is written as 
 F  =  {F(9),  F(p)},  (6) 
where 
 F(co)=  —  r  cos  co  u'  v"  , (7-a) 
                                   v" 0             F(P) = fr cosco (7-b) 
here  co, r and  B are the latitude, the radius of earth and the potential temperature. 
The transformed mean flow and temperature quations can be writen as 
              du 
           at,               fv--;-=kr cosco)-1 V • F,  (8) 
 atUpte-:7 =0, (9) 
where and  :7 are the Eulerian mean friction and heating,  (LT*,  w*) is the residual 
meridional circulation defined by 
       _ ( 0" (10-a)               v ap  ),Bp 
                    1 a  (o'cosco         ti.)*iT: +  (10-b)                       r cosco39\O
p 
where w is the vertical  p velocity. The E-P flux divergence is 
                1  a           V • F = (F(0cos0+  (F(p)).  (11)  r  cos co 39
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If  -.7 and  f can be neglected and the atmosphere is governed by Rossby wave 
dynamics, then it can be shown that 
 F  CA, (12) 
where 
               A(124,,2.7),),(13) 
and C is the group velocity of Rossby wave. Here, q is the quasi-geostrophic 
potential vorticity and A is the quantity called as eddy activity. 
   The data which were arranged by Japan Meteorological Agency for the routine 
into the form of  5° x  5° latitude-longitude grids covering the Northern Hemisphere 
were used in this study. The data are given twice a day  (00Z and 12Z) for isobaric 
heights and temperature fi lds at levels of 850 mb, 700 mb, 500 mb, 300 mb and 250 mb 
during the period of three months from 1 June to 31 August 1982. 
3 Blockings in summer 1982 
   First, values of Q were computed atlevel of 500 mb in the domain of  30°N  —60°N 
during the period of analysis. The time series of such  Q is shown in Fig. 1-(b). As 
understood from the definition of  Q, a large value or a small value of  Q represents 
comparatively a low index or a high index of zonal flow. In July,  Q is large and it 
means that the wave is dominant and the mean zonal flow is weak. In June and 
August,  Q is small and it represents the opposite situation to that. 
   Next, the behavior of  A* was examined. Fig. 1-(a) showsthe time variation of A* 
distributions. We can recognize that he frequency ofA* is high in the four regions of 
Europe, Siberia, the west coast of America nd the Atlantic Ocean. The persistent of
 A* in a long period may be identified as a blocking occurrence. In particular,two 
 block  ings which occurred at the middle ten days of July in Siberia and in America 
simultaneously are distinguished in summer 1982. They well correspond to the 
maximum of  Q. On the other hand, in the middle and last ten days of August when 
  was small, blocking occurrences are scarcely seen. These results are partly in 
agreement with a result exhibited by Lejenas and Okland (1983) except for the 
American blocking, which is that the frequency of a blocking in summer is high at the 
two regions of the Atlantic  Ocean—Europe and Siberia. However the American 
blocking which was shifted to south, was identified responsible for the definition of  A*. 
Therefore it seems that the blocking configuration in summer 1982 was not so ab-
nomal.
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Fig. 1 (a) Time variation of  A* expressed by the black box. (b) Time variation of Q.
4 Siberian blocking mechanism
   In this section, Siberian blocking which occurred at the mid-ten days and was 
maintained for about three weeks, was selected and influences of wave-mean interac-
tion on it were investigated. Referring to the results of Kanaya (1986), the adjective 
regions which are shown in Fig. 2 were established. The vector F were computed 
over respective region. The variations of  [F(p  )] in region A(the east coast of Asia in 
the  mid-latitude) where the upward propagation of stationary wave activity is remark-
able and region B(the leeward of Himalaya) where the large upward propagation of 
stationary wave activity is occurring during Siberian blocking period, are presented in
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Fig. 2
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Fig. 3-(d) and (b) respectively. Fig. 3-(c) shows time variations of  [F(yo  )]at  500  mb 
level in region  C(45°N) and region  D(35°N) where the mean flow acceleration by 
meridional propagation of eddy activity substantially acts on Siberian blocking. In 
addition,  u(zonally averaged u from  85°E to  135°E) is also presented in  Fig.  3-(a). 
They show that the jet in the mid-latitude tends to be weakened whenever vertical 
components of F in region A are  [F(p  )],4170°  >  [F(p  )1  ,A300, inversely it tends to be 
strengthened whenever they are  [F(p  )]/1700 <  [F(p  )]A300, at all hieghts of 700 mb, 500 mb 
and 300 mb. Latitudinal components of F are also significant as well as vertical ones 
and it is obtained that the jet in mid-latitude tends to be weakened whenever they are 
 [F(c0)]csoo<  [F(9  )]D500, it tends to be strengthened whenever they are  [F(  )]C500  > 
 [F(  )]D500, at all heights. 
   Moreover, since it seems that mean flow acceleration by vertical and latitudinal 
components of F is determined by some kinds of their patterns, they were classified 
into three types which are depicted in Fig. 4-(a) and (b) respectively. Now by using 
classified E-P flux patterns, fluctuations of a circulation regime over East Asia (includ-
ing Siberian blocking) can be explained as follows. 
   In June a vertical E-P flux pattern of "VPD" type and latitudinal E-P flux pattern 
of "LPD" type are dominant. Hence both the types tend to intensify and sharpen the 
jet in mid-latitude. Thus in the beginning of July,  a of 500 mb level at  45°N reaches 
to about 25  ms-', a vertical wind shear becomes tronger and a large amount of 
upward E-P flux begins to occur in region A. Therefore in turn a vertical E-P flux 
pattern changes to "VPC" type and a latitudinal E-P flux pattern also does to "LPC" 
type. It is clear that deceleration of the jet at  45°N and acceleration of westerlies in
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Fig. 4 (a) Classified vertical E-P flux patterns. (b) Classified latitudinal E-P flux 
   patterns.
the vicinity of  30°N are performed due to those. When this state continues for two 
weeks and  Ft at  30°N exceeds  a at  45°N, a large amount of upward E-P flux at 700 mb 
level occurs in region B and this facilitates the northward propagation of eddy activity 
at  35°N. Thus westerlies in the mid-latitude are weakened more and eventually  a at 
 45°N comes to about 0  ms-', a blocking and double jet are formed. Moreover at the 
same time, an abrupt fall of northward eddy activity propagation at  45°N is also seen 
(indicated by X in Fig. 3). Accordingly a latitudinal  E-P flux pattern changes from 
"LPC" type to "LTC" type. It will give the interpretation that because the eddy 
activity which has its origin in the leeward and propagates northward, is absorbed in 
the vicinity of  45°N where /4-=',0 (it may be critical latitude) and can't propagate 
northward there any more, it accelerates easterlies extremely and maintains the 
easterly zone in mid-latitude. These facts are discrepant from the result obtained by 
Kikuchi (1969), that an effect of angular momentum transport by eddies from the mid-
latitude to the high latitude is crucial for developement of the double jet formation. 
While Siberian blocking maintains, the vertical E-P flux patterns of "VTC" type and 
"VPC" type appear by turns. However in August, neither the large upward E-P flux 
at 700 mb level in region B nor the northward propagation of eddy activity from there 
becomes to appear and easterlies in the mid-latitude return to westerlies from upper 
troposphere gradually. Accompanying with this, a vertical E-P flux pattern also 
becomes "VPD" type and Siberian blocking is dissipated. Furthermore in the mid-ten
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days of August, since a latitudinal E-P flux pattern of "LPD" type appears, the jet in 
mid-latitude is formed and intensified again. 
   By the way, the significance of quasi-stationary wave phase and its relationship to 
behavior of eddy activity were mentioned previously. Time variations of the quasi-
stationary wave phase are shown in Fig. 3-(e). 
   In the first ten days of July and the last ten days of August, corresponding to 
occurrences of the large upward E-P flux in region A, the ridge at about  135°E and the 
trough at about  100°E develope. It may be the evidence that the phase is forced to 
change as such by appearance of the large upward E-P flux. Although the large 
upward E-P flux in region A continues in the mid-ten days of July, an abrupt change 
of the phase occurs in accordance with developement of Siberian blocking. 
5 Concluding remarks 
   It is obtained that the vector F behavior largely contributes to the transition 
between different circulation regimes. The schematic diagram of Siberian blocking 
mechanism is illustrated in Fig. 5. Thus Siberian blocking in summer 1982 is elucidat-
ed by westerlies deceleration of not only the large upward E-P flux over the east coast 
of Asia but also the large northward eddy activity propagation from the leeward of 
Himalaya where the large upward E-P flux was occurring. However, it is to be 
regretted that the conditions for the large upward E-P flux in the east coast of Asia 
or in the leeward of Himalaya can't be extracted very exactly through only the results 
in this study, because of one case study. 
   Since the Siberian blocking is accompanying with the poleward temperature flux, 
the wave axis is tilted westward with increasing height. Therefore at surface, the 
stationary high was located over the Sea of Okhotsk during the blocking period. 
 Accordingly, the blocking mechanism may give an important implication for cool 
summer in North Japan. 
   In this study, two fundamental problems exist. The one is that interpretations of 
mean flow acceleration by F where waves relevant to zonal mean are considered, if the 
ultralong waves are dominant and the waves of various scale coexist, will be vague. 
The other is whether the mechanism for Siberian blocking has a generality or not. 
For this problem it is necessary that we appreciate the nature of blocking and 
anomalies of climatic factors in 1982. Furthermore, Siberian blocking in the other 
year should be analysed thoroughly. 
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